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SCANNING OPTICAL APPARATUS AND 
COLOR IMAGE FORMING APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 
5 Field of -the Invention 

This invention relates to a scanning optical 
apparatus and an image forming apparatus using the 
same, and chiefly to an image forming apparatus such as 
a laser beam printer or a digital copier having the 

10 electrophotographic process adapted to deflect a beam 
emitted from light source means by a deflecting 
element, and light-scan a scanned surface through an 
imaging element having an f0 characteristic to thereby 
record image information, and a scanning optical 

15 apparatus suitable for use in such apparatus. 
Related Background Art 

In the scanning optical apparatus of a laser beam 
printer (LBP) or the like, a beam emitted from light 
source means in conformity with an image signal is 

20 light -modulated* This light-modulated beam is 

periodically deflected by a light deflector comprising, 
for example, a polygon mirror, and is converged into a 
spot shape on the surface of a photosensitive recording 
medium by an imaging optical system having an fG 

25 characteristic while its distortion is corrected, and 
that surface is light-scanned to thereby effect image 
recording . 
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Fig. 6 of the accompanying drawings is a schematic 
view of a scanning optical apparatus according to the 
prior art. In Fig. 6, a divergent beam emitted from 
light source means 1 to which an image signal modulated 
5 by modulating means has been inputted is made into a 
substantially parallel light by a collimator lens 2, 
and enters a cylinder lens 4 with the cross-sectional 
shape of the beam limited by an aperture stop 3. That 
portion of the parallel beam having entered the 

10 cylinder lens 4 which is in the main scanning surface 
emerges in its state as it is. Also, in the sub- 
scanning surface, the beam converges and is formed 
substantially as a linear image on the reflecting 
surface of a light deflector 5 comprising a polygon 

15 mirror. The beam reflected and deflected by the 

reflecting surface of the light deflector 5 is directed 
to a scanned surface 8 through two scanning optical 
elements ( f 9 lenses) 6 having an f9 characteristic. 
The light deflector 5 is then rotated in the direction 

20 of arrow, whereby the scanned surface 8 is scanned in 
the main scanning direction and is scanned in the sub- 
scanning direction by the next reflecting surface of 
the light deflector 5. A part of the beam deflected by 
the light deflector 5 is reflected by a reflecting 

25 mirror 75 through the scanning optical elements 6 and 
is directed to a slit 71 and a sensor 72, and is 
synchronized with the writing beginning timing of an image. 



In recent years, with the higher resolution and 
lower cost of image forming apparatuses having the 
electrophotographic process, it has become the 
mainstream to manufacture the scanning optical element 
5 (fe lens) of the af oredescribed scanning optical 

apparatus by plastic molding, and use an inexpensive f0 
lens in which chromatic aberration of magnification is 
not compensated for. Also, in order to cope with high- 
speed color image formation, there is required a 

10 scanning optical apparatus for use in a tandem type 

color image forming apparatus as shown in Fig. 7 of the 
accompanying drawings wherein a plurality of scanning 
optical apparatuses 11-14 are used at a time 
correspondingly to four colors, e.g. Y, M, C and K to 

15 record image information of each color on each of 
different photo-sensitive drums 21-24. 

However, in the scanning optical apparatus for 
forming a final image by the beams from the plurality 
of scanning optical apparatuses, a variation 

20 attributable to the chromatic aberration of 

magnification of the f9 lenses is caused in the 
scanning magnification among the plurality of scanning 
optical apparatuses by 

(a) the initial wavelength deviation among the 

25 laser light sources of the respective scanning optical 
apparatuses , 

(b) the wavelength deviation by the mode hopping 




of semiconductor laser resulting from a change in the 
envi r onmen t , and 

(c) the fluctuation of the refractive index of a 
plastic lens by the change in the environment, and this 
5 leads to the deterioration of images. Fig. 6 of the 
accompanying drawings shows the image area when the 
wavelength of the light source of a plurality of 
scanning optical apparatuses has changed, and the 
deviation of the imaged position of a beam at a write 

10 beginning detecting position* In Fig. 6, there is 
shown an example in which as indicated at image 
formation points A and A T , the deviations of the image 
formation points of respective lasers occur on a 
scanned surface 8. 

15 Such a deviation of the imaged position on the 

scanned surface during the variation in the scanning 
magnification causes a small pixel deviation on the 
left end side (the lower side in Fig. 6) of the image 
near the detecting position because in the actual 

20 image, as shown in Fig. 6, synchronism is taken at the 
writing beginning position detecting position, and 
conversely becomes a great pixel deviation ( scanning 
magnification deviation) on the right end side (the 
upper side in Fig. 6 ) of the image. Consequently, a 

25 pixel deviation is caused in the whole of the image 

printing area, and yet the magnification of the image 
changes. 
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This also holds true in a scanning optical system 
in the tandem type color image forming apparatus, and 
when a change in magnification occurs among the 
plurality of scanning optical apparatuses, the image 
formation point of cyan C and the image formation point 
of black B coincide with each other on the left end 
side of the image, as shown in Fig. 8, but the 
registration deviation (color deviation) among 
respective colors becomes great on the right end side 
of the image, and this causes the deterioration of the 
image. While in Fig. 8, color deviations in B (black) 
and C (cyan) are shown, the same also applies in the 
case of the color deviation between the other colors Y 
(yellow) and M (magenta). 

SUMMARY OF THE INVENTION 

According to the present invention, there are 
realized a scanning optical apparatus which reduces the 
change in the magnification of a scanning optical 
system by the pixel deviation of the entire printing 
area in the above-described example of the prior art, 
or the registration deviation of the scanning optical 
system in a tandem type color image forming apparatus 
even when an inexpensive plastic molded lens in which 
the correction of chromatic aberration of magnification 
is not effected is used as a scanning optical element, 
and which is low in cost and easy to construct and is 
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small in color deviation, and a color image forming 
apparatus using the same. 

The scanning optical apparatus of the present 
invention comprises : 

a light source capable of being modulated; 

a deflecting element for deflecting and scanning a 
beam emitted from the light source; 

a scanning optical element for imaging the 
deflected beam into a spot shape on a scanned surface; 
and 

an optical element for synchronous detection for 
directing the deflected beam from the deflecting 
element to a sensor to take the timing of image writing 
beginning ; and 

is characterized by the provision of: 

scanning position detecting means for making the 
optical axis of the optical element for synchronous 
detection and the principal ray of the beam from the 
deflecting element for taking the timing of image 
writing beginning coincident with each other, and 
detecting the position of the beam at a point having at 
least one image height separate from the optical axis 
of the scanning optical element. 

In the scanning optical apparatus, the optical 
element for synchronous detection is an anamorphic 
lens . 

In the scanning optical apparatus, the optical 



element for synchronous detection is made of a plastic 
material . 

In the scanning optical apparatus , the scanning 
optical element is made of a plastic material. 

In the scanning optical apparatus, the optical 
element for synchronous detection and the scanning 
optical element are integrally molded by plastic 
injection molding. 

In the scanning optical apparatus, the optical 
element for synchronous detection and a second optical 
element are integrally molded by plastic injection 
molding. 

In the scanning optical apparatus, the scanning 
optical element is comprised of a refracting optical 
element and a diffracting optical element. 

In the scanning optical apparatus, the scanning 
optical element effects the correction control of 
correcting a scanning magnification in conformity with 
the output of the scanning position detecting means. 

In a color image forming apparatus for scanning a 
beam from at least one scanning optical apparatus on a 
plurality of image bearing members to thereby form a 
color image, the scanning optical apparatus comprises: 

a light source; 

a deflecting element for deflecting and scanning a 
beam emitted from the light source; 

a scanning optical element for imaging the 



8 - 



deflected beam irvto a spot shape on the scanned 
surfaces of the image bearing members; and 

an optical element for synchronous detection for 
directing the deflected beam from the deflecting 
5 element to a sensor to take the timing of image writing 
beginning; and 

is characterized in that registration detecting 
means for making the optical axis of the optical 
element for synchronous detection and the principal ray 
10 of the beam from the deflecting element coincident with 
each other, and detecting the positional deviation of a 
marking of a predetermined shape formed on each of the 
image bearing members by each scanning optical 
apparatus is provided at a position corresponding to an 
15 image height separate from the optical axis of the 
scanning optical element. 

In the color image forming apparatus, the 
registration detecting means is disposed so as to be 
capable of detecting a plurality of image heights 
20 substantially symmetrical with respect to the optical 
axis of the scanning optical element. 

In the color image forming apparatus, provision is 
made of correcting means for reducing absolute 
registration deviation in each scanning optical 
25 apparatus or registration deviation relative to the 

scanning optical apparatus providing the reference, in 
conformity with the output of the registration 



detecting means* 

In the color image forming apparatus, the 
registration detecting means is disposed so as to be 
capable of detecting two image heights substantially 
symmetrical with respect to the optical axis of the 
scanning optical element , and effects the correction 
control of correcting the timing of image writing 
beginning by an amount corresponding to 

AA = K x (Al + A2)/2, 
where Al is the amount of registration deviation at a 
first image height, A2 is the amount of registration 
deviation at a second image height, and K is a 
constant . 

In the color image forming apparatus, the 
registration detecting means is disposed so as to be 
capable of detecting two image heights substantially 
symmetrical with respect to the optical axis of the 
scanning optical element, and effects the correction 
control of correcting the scanning magnification by an 
amount corresponding to 

AA T = K' x (Al - A2)/2, 
where Al is the amount of registration deviation at a 
first image height, A2 is the amount of registration 
deviation at a second image height, and K ! is a 
constant . 

In an image forming apparatus for scanning a beam 
from at least one scanning optical apparatus on a 



- 10 - 



plurality of image bearing members to thereby form an 
image, the scanning optical apparatus comprises: 
a light source; 

a deflecting element for deflecting and scanning a 
5 beam emitted from the light source; 

a scanning optical element for imaging the 
deflected beam into a spot shape on the scanned 
surfaces of the image bearing members; and 

an optical element for synchronous detection for 
10 directing the deflected beam from the deflecting 

element to a sensor to take the timing of image writing 
beginning; and 

is characterized in that registration detecting 
means for making the optical axis of the optical 
15 element for synchronous detection and the principal ray 
of the beam from the deflecting element for taking the 
timing of image writing beginning coincident with each 
other, and detecting the positional deviation of a 
marking of a predetermined shape formed on each of the 
20 image bearing members by each scanning optical 

apparatus is provided at a position corresponding to an 
image height separate from the optical axis of the 
scanning optical element. 

An image forming apparatus comprises the first- 
25 described scanning optical apparatus and a printer 

controller for converting code data inputted from an 
outside apparatus into an image signal and inputting it 



to the scanning optical apparatus, 

A color image forming apparatus comprises the 
scanning optical apparatus described in the above- 
described color image forming apparatus, and a printer 
controller for converting code data inputted from an 
outside apparatus into an image signal and inputting it 
to the scanning optical apparatus. 

An image forming apparatus comprises the scanning 
optical apparatus described in the above-described 
image forming apparatus, and a printer controller for 
converting code data inputted from an outside apparatus 
into an image signal and inputting it to the scanning 
optical apparatus . 

The action and effect of the present invention are 
such that the optical surface of the optical element 
for synchronous detection is right opposed to a BD beam 
for detecting a horizontal synchronizing signal, that 
is, the optical axis of the optical element for 
synchronous detection and the principal ray of the BD 
beam are made substantially coincident with each other, 
whereby the BD beam becomes free from the influence of 
chromatic aberration of magnification. Also, the 
chromatic aberration of magnification of the scanning 
optical system becomes zero on the axis of the scanning 
optical system, i.e., substantially at the center of 
the scanning width. Consequently, the on-axis beam 
substantially at the center of the scanning width which 
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is in predetermined delayed relationship with the BD 
beam becomes free from the influence of chromatic 
aberration of magnification, and does not cause pixel 
deviation. 

Further, if the positional fluctuation of the beam 
of one or more image heights except at the center of 
the scanning width is detected, it can be regarded as 
the fluctuation of the off -axis beam relative to the 
immovable on-axis beam and therefore, this can be 
processed as the fluctuation of the scanning 
magnification or the registration deviation by 
chromatic aberration of magnification. The processing 
calculation is done by means of a simple arithmetic 
expression as described above. Depending on the result 
of the calculation, timely correction can be applied to 
thereby achieve a reduction in registration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a scanning 
optical apparatus according to a first embodiment of 
the present invention in the main scanning direction. 

Fig. 2 is a cross-sectional view of a scanning 
optical apparatus according to a second embodiment of 
the present invention in the main scanning direction. 

Fig. 3 shows a tandem type color image forming 
apparatus according to a third embodiment of the 
present invention . 
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Fig. 4 is an output sample by the scanning optical 
apparatus according to the first embodiment of the 
present invention and shows the state of the 
magnification deviation in the main scanning direction. 

Fig. 5 is an output sample by the tandem type 
color image forming apparatus according to the third 
embodiment of the present invention, and shows the 
state when color deviation has been caused by the 
magnification deviation in the main scanning direction. 

Fig. 6 is a cross-sectional view of a scanning 
optical apparatus according to the prior art in the 
main scanning direction. 

Fig. 7 is a cross-sectional view of a tandem type 
color image forming apparatus according to the prior 
art . 

Fig. 8 is the output sample of the scanning 
optical apparatus according to the prior art, and shows 
registration deviation in the main scanning direction. 

Fig. 9 is a schematic view of an image forming 
apparatus according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Some embodiments of the present invention will 

hereinafter be described in detail with reference to 

the drawings . 

[First Embodiment] 

Fig. 1 is a cross-sectional view of a scanning 
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optical apparatus according to a first embodiment of 
the present invention in the main scanning direction. 

In Fig. 1, the reference numeral 1 designates 
light source means modulated by an image signal and 
comprising, for example, a semiconductor laser ( LD ) . 
The reference numeral 2 denotes a collimator lens for 
converting the beam from the light source means 1 into 
parallel beams. The reference numeral 3 designates a 
stop for limiting the parallel beams from the 
collimator lens 2 to a beam (or a predetermined 
quantity of light) having a predetermined cross- 
sectional shape. The reference numeral 4 denotes a 
cylinder lens for condensing the beam into a linear 
beam. 

The reference numeral 5 designates a light 
deflector comprising a polygon mirror and rotated in 
the direction of arrow A by driving means such as a 
motor, not shown. The reference numeral 6 denotes a 
scanning optical system having an fe characteristic. 
The reference numeral 7 designates an optical element 
for synchronous detection (BD lens). The reference 
numeral 8 denotes a photosensitive drum which is a 
scanned surface. 

A divergent beam emitted from the semiconductor 
laser 1 which is light source means is converted into 
substantially parallel beams by the collimator lens 2. 
These beams have their quantities of light limited by 
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the stop 3, and enters the cylinder lens 4. Of these 
beams, the beam in the main scanning direction is 
intactly incident on the polygon mirror 5 which is a 
light deflector, while the beam in the sub-scanning 
5 direction is imaged near the surface of the polygon 

mirror. Accordingly, the beam incident on the polygon 
mirror 5 becomes a linear image long in the main 
scanning direction. The beam incident on the polygon 
mirror 5 which is a light deflector is deflected and 
10 scanned in the main scanning direction by the rotation 
of the polygon mirror 5 in the direction of arrow A by 
the motor . 

The beam deflected by the polygon mirror 5 enters 
the scanning optical element 6 which is an fe lens 

15 comprising a refracting optical element and a 
diffracting optical element. In the present 
embodiment, a plastic toric lens 61 and a long 
diffracting element 62 are disposed on the polygon 
mirror 5 side with respect to the midpoint of the 

20 rotary shaft of the polygon mirror 5 and the scanned 

surface 8. The long diffracting element 62 is made of 
plastic made by injection molding, but an equal effect 
will be obtained even if a diffraction grating is made 
on a glass substrate by replica. These optical 

25 elements 61 and 62 have different powers mainly in the 
main scanning direction and the sub- scanning direction, 
and cause the deflected beam from the polygon mirror 5 
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to be imaged on the scanned surface and also correct 
the tilt of the surface of the polygon mirror 5. The 
beam having emerged from the scanning optical element 6 
is imaged on the scanned surface 8, and the scanned 
5 surface 8 comprising a photosensitive member such as a 
photosensitive drum or the like is scanned in the 
direction of arrow B by this beam. The photosensitive 
member such as a photosensitive drum is exposed to this 
beam, and an image is transferred to transfer paper by 
10 way of the known electrophotographic process , thereby 

forming an image conforming to an image signal inputted 
to the semiconductor laser 1. 

On the other hand, a part (synchronous detection 
beam) 73 of the beams deflected by the polygon mirror 5 
15 enters the optical element 7 for synchronous detection . 
These beams are converged in both of the main scanning 
and the sub- scanning by the anamorphic power of this 
element through a reflecting mirror 75, and are imaged 
and scanned near a slit 71 for synchronous detection, 
20 and enter a sensor 72 for synchronous detection and 
produce a synchronizing signal in the main scanning 
direction. 

In the present embodiment, the optical element 7 
for synchronous detection singly molded of a plastic 
25 material is disposed so that the lens surface thereof 
may be substantially right opposed to the synchronous 
detection beam 73. That is, the optical axis of the 
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optical element 7 for synchronous detection and the 
principal ray of the synchronous detection beam 73 are 
made substantially coincident with each other. 
Accordingly, as shown in Fig. 1, even if the wavelength 
of the laser source 1 is changed, for example, by the 
mode hop by temperature rise, chromatic aberration of 
magnification is not produced in the optical element 7 
for synchronous detection and therefore, the timing of 
a writing beginning synchronizing signal does not 
change. Also, even if the refractive index of the 
optical element 7 for synchronous detection is changed 
by a change in the environment, the timing of the 
writing beginning synchronizing signal likewise does 
not change. 

On the other hand, in an image area, if the light 
source wavelength which is the wavelength of the laser 
source 1 is changed by a change in the environment such 
as temperature, humidity and atmospheric pressure of 
the mode hop or the like by temperature rise, the 
arrival positions of the beams on the scanned surface 
coincide with each other only on the optical axis of 
the scanning optical element, and causes a change in 
magnification symmetrically on the opposite sides of 
the optical axis at the other points. This also holds 
true in the case of the change in refractive index by 
the fluctuation of the environment. 

That is, the timing of synchronous detection does 



not change for the change in refractive index by the 
change in the wavelength or the change in the 
environment, and the imaged position on the image area 
changes symmetrically with respect to the optical axis 
5 of the scanning optical element and thus, as shown in 
Fig. 4, the amount of change in magnification comes to 
be produced while being put in two on the writing 
beginning side and the writing ending side. 

So, as shown in Fig. 1, the scanning position of 

10 an off-axis beam 76 of one-side image height in the 
main scanning direction on the drum is monitored by 
scanning position detecting means 90, whereby any 
change in the scanning magnification (any change in the 
length of the scanning width) can be detected. In the 

15 present embodiment, the scanning position detecting 

means 90 is of a type in which the reflected light 77 
of a beam 76 on the scanned surface 8 is received and 
detected, whereas it is not restricted to the type of 
Fig. 1, but may use other known method, for example, a 

20 method of monitoring an image embodied by the 
electrophotographic process. 

The scanning position detecting means will 
hereinafter be described in detail. 

The scanning position detecting means 90 uses a 

25 construction in which for example, a predetermined 
position on the scanned surface 8 (a predetermined 
image height for measuring the scanning position) and a 
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line CCD (a CCD in which pixels are disposed in a 
linear state) are disposed in conjugate relationship by 
an imaging lens and the direction of arrangement of the 
line CCD is substantially coincident with the scanning 
direction of the scanning beam. Thereby, the off -axis 
beam of a predetermined image height having arrived at 
the scanned surface 8 is re-imaged on the line CCD 
through an imaging lens. An output conforming to the 
quantity of light received by each pixel of the line 
CCD is monitored, and the pixel of a maximum output or 
the pixel at the centroid position of the output is 
specified, whereby the irradiated position on the 
scanned surface 8 can be determined. 

The scanning beam imaged image height when a 
predetermined time has elapsed from the timing detected 
by the synchronous detecting means 72 is defined as the 
image height of scanning position detection, and the 
scanning position detecting means 90 is disposed. 

The laser is caused to emit light when a 
predetermined time has passed from the timing detected 
by the synchronous detecting means 72 at each scanning 
or a predetermined scanning interval, the irradiated 
position on the scanned surface 8 based on the scanning 
position detecting means 90 is determined by a 
correcting circuit 200. The case where the irradiated 
position on the scanned surface 8 determined at this 
time has a difference relative to a predetermined 
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position is regarded as a change having been in the 
irradiated position, and the amount of the change is 
detected as the amount of fluctuation of the irradiated 
position. 

As another scanning position detecting means 90 , a 
light receiving element like a photodiode is disposed 
in conjugate relationship with a predetermined position 
on the scanned surface 8 (a predetermined image height 
for measuring the scanning position) by an imaging 
lens. Thereby, the off -axis beam of a predetermined 
image height having arrived at the scanned surface 8 is 
re-imaged on the light receiving element through the 
imaging lens. An output conforming to the quantity of 
light received by the light receiving element is 
monitored, and the timing at which a predetermined 
quantity of light has been reached is specified, 
whereby the timing at which the scanning beam has 
passed the irradiated position on the scanned surface 8 
can be determined. 

Irradiated position detecting means is provided at 
a particular position on the scanned surface 8 . 

The timing detected by the synchronous detecting 
means 72 and the timing detected by the scanning 
position detecting means 90 are measured at each 
scanning or at a predetermined scanning interval, and 
the time differential therebetween is calculated. The 
case where the amount of change in the time 
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differential between the two timings calculated at this 
time has a difference relative to a predetermined value 
is regarded as a change having been in the irradiated 
position, and from the amount of the change and the 
5 scanning speed of the scanning beam, the amount of 

fluctuation of the irradiated position is calculated by 
a correcting circuit 200. 

Next, a change in the scanning magnification 
detected by monitoring by the scanning position 
10 detecting means 90 can be corrected into the original 
magnification by the existing method described below. 
That is, it can be corrected into the original 
magnification in conformity with or in superposition on 

(a) changing the focal length by a zoom FG lens, 
15 (b) changing the rotating speed of the polygon 

mirror, 

(c) changing the driving frequency of LD, and 

(d) changing the magnification of the image by 
image processing. 

20 By correcting and controlling the scanning 

magnification by the existing means as described above 
while monitoring by the scanning position detecting 
means 90, the imaging point after the change of Fig. 4 
can be returned to the initial imaging point. 

25 According to Fig. 4, the imaging points of the 

respective colors can be made coincident with one 
another on the main axis in the main scanning 
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direction, and the respective color lights can be 
converged to such a degree that they slightly deviate 
from one another as they deviate to the right and left 
points of the main axis. 

As described above, in the present embodiment, the 
optical element 7 for synchronous detection of the 
scanning optical apparatus is disposed so that the lens 
surface thereof may be opposed substantially right to 
the synchronous detection beam 73, whereby even when an 
inexpensive plastic-molded lens in which the correction 
of chromatic aberration of magnification is not 
effected is used as the scanning optical element, it is 
possible to reduce the pixel deviation of the scanning 
optical system 6 attributable to wavelength deviation 
or magnification deviation by a change in the 
environment . 

Also, a multilaser having a plurality of light 
emitting points may be used as the light source in the 
present embodiment to thereby provide a multibeam 
scanning optical apparatus, and it is possible to 
realize a color image forming apparatus which can 
highly minutely cope with a higher speed. 
[Second Embodiment] 

Fig. 2 shows the construction of a scanning 
optical apparatus according to a second embodiment of 
the present invention. In Fig. 2, the same reference 
numerals as those in Fig. 1 designate members similar 
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in performance and function to those in Fig, 1. 

The differences of the second embodiment from the 
scanning optical apparatus of the first embodiment are: 

(a) that the scanning position detecting means 90 
5 is provided at an image height downstream of the 

scanning area; and 

(b) that the cylinder lens portion 41 and the 
optical element portion 42 for synchronous detection 
are made integral with each other to thereby provide a 

10 compound lens 40. 

The compound lens 40 is produced by the integral 
molding step using a mold, and makes a reduction in 
cost possible. It is also possible to suitably re-set 
the focal lengths of the cylinder lens portion 41 and 

15 the optical element portion 42 for synchronous 

detection to thereby approximate the disposition of the 
compound lens 40 to a scanning lens 61 and further make 
them integral with each other. By making the compound 
lens 40 and the scanning lens 61 integral with each 

20 other r the unevenness in disposition can be restrained 
and a contribution can be made to an improvement in 
performance . 

In the present embodiment, as in the first 
embodiment, as shown in Fig. 4, a scanning position 

25 deviation occurs to putting it in two with the on-axis 
image height as the reference and therefore, even if 
the scanning position detecting means 90 is provided at 
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the image height opposite to that in the first 
embodiment, any change in scanning magnification can 
likewise be detected. 

That is, a retrace period is simply provided in a 
5 predetermined time after the detection of BD as a 
synchronizing signal which is the image height 
downstream of the scanning area of the scanning 
position detecting means 90 and therefore, the 
difference from the first embodiment is only to convert 

10 the trigger time of timing, and when there is the 

influence of the scanning position detecting means 90 
upon the disposition of the compound lens 40, the 
compound lens 40 and the scanning position detecting 
means 90 for detecting BD at the start of the scanning 

15 retrace period may be combined together as shown in 
Fig. 2, but the two may be disposed discretely from 
each other when there is no influence upon the integral 
disposition of the compound lens 40. 
[ Third Embodiment ] 

20 In a third embodiment of the present invention, 

four scanning optical apparatuses except the scanning 
position detecting means 90 which are identical with 
the scanning optical apparatus of the first embodiment 
are juxtaposed in parallel to one another and are used 

25 in a tandem type color image recording apparatus for 

recording an image signal on photosensitive drums which 
are image bearing members. 
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Fig, 3 shows the above-described tandem type color 
image forming apparatus • Scanning optical apparatuses 
11 to 14 correspond to C (cyan), M (magenta), Y 
(yellow) and B (black), respectively, and image 
5 information of each color is recorded on each of 

different photosensitive drums 21 to 24. Such a color 
image forming apparatus can record and print a color 
image at a speed as high as that for a black-and-white 
image, but the scanning optical apparatuses are not 

10 used in common for the respective colors and therefore, 
there is the drawback that the scanning line positions 
(registration) among the colors are liable to deviate 
and color deviation is liable to occur. 

In the present embodiment, in the scanning optical 

15 apparatuses used in the tandem type color image forming 
apparatus, as in the first embodiment, the optical 
element 7 for synchronous detection singly molded of a 
plastic material is disposed so that the lens surface 
thereof may be opposed substantially right to the 

20 synchronizing detection beam 73. 

Accordingly, as in the first embodiment, even if 
for example, the light source wavelength among the four 
scanning optical apparatuses changes, the timing of the 
writing beginning synchronizing signal does not change , 

25 and even if the refractive index of the optical element 
for synchronous detection is changed by a change in the 
environment, the timing of the writing beginning 
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synchronizing signal likewise does not change. 

On the other hand, in the image area, when the 
light source wavelength among the four scanning optical 
apparatuses changes, the arrival positions of the beams 
5 on the scanned surface 8 coincide with each other only 
on the optical axis of the scanning optical element and 
at the other points, a change in magnification occurs 
symmetrically on the opposite sides of the optical axis 
(this also holds true in the case of a change in 

10 refractive index by the fluctuation of the 
environment ) . 

That is, the synchronous detection timing does not 
change for the change in refractive index by a change 
in wavelength or a change in the environment, and the 

15 imaged position on the image area changes symmetrically 
with respect to the optical axis of the scanning 
optical element and therefore, as shown in Fig. 5, an 
amount of color deviation occurs with the amount * of 
magnification change of each color put in two on the 

20 writing beginning side and the writing ending side. 

According to Fig. 5, as in Fig. 8, the image formation 
points of cyan (C) and the image formation points of 
black (B) coincide with each other at the central 
position on the optical axis, but on the upper left 

25 side of the scanning starting point and the upper right 
side of the end point, the image formation points of 
cyan (C) deviate more outwardly than the image 
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formation points of black (B). This deviation may 
equally occur for four colors including M (magenta) and 
Y (yellow), but the deviation between the image 
formation points is small because the image formation 
points are made coincident with each other on the 
optical axis. 

The detection of the amount of deviation of this 
scanning line position (registration) among the colors 
is effected as follows. A predetermined marking ( Z in 
Fig. 3) is provided at symmetrical off -axis image 
heights and image information for each color is 
recorded as a latent image on each of the different 
photosensitive drums 21 to 24 by each of the four 
scanning optical apparatuses. Next, the latent image 
is visualized on a conveying belt 26 by an 
electrophotographic process apparatus, not shown. The 
amount of deviation of the registration is detected by 
registration detecting means 91 and 92 from the marking 
visualized on the conveying belt which has passed the 
four photosensitive drums. When the deviation of 
registration is to be detected, predetermined markings 
may be arranged for the respective colors at 
predetermined intervals in the conveying direction of 
the- belt (the sub-scanning direction). 

Here, the registration detecting means refers to 
detecting means for detecting the scanning line 
position (registration), and the registration deviation 
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refers to the deviation of the scanning line position 
(registration) in the main scanning direction. 

The registration detecting means will hereinafter 
be described in detail. 
5 The construction of the registration detecting 

means 91 and 92 comprises illuminating means for 
illuminating the marking visualized on the conveying 
belt 26 , and marking position detecting means for 
detecting the position of the marking. 

10 The illuminating means is an illuminating optical 

device for illuminating the marking portion by an 
emitted beam from a light source such as an LED through 
the intermediary of a reflector or a condensing lens. 

Also, as the marking position detecting means, use 

15 can. be made of the scanning position detecting means 90 
in the first or second embodiment. That is, for the 
detection of the marking position, use in made of a 
construction in which, like the scanning position 
detecting means 90, a line CCD (a CCD in which pixels 

20 are arranged in a straight line) is disposed in 

conjugate relationship with the position the marking on 
the conveying belt 26 passes (a predetermined image 
height for measuring the scanning position) by an 
imaging lens and the arrangement direction of the line 

25 CCD is made substantially coincident with the scanning 
direction of the scanning beam. Thereby, the marking 
illuminated by the illuminating means is imaged on the 
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line CCD through the imaging lens. An output 
conforming to the quantity of light received by each 
pixel of the line CCD is monitored, and the pixel at 
the centroidal position of the output is specified , 
whereby the position of the marking in the main 
scanning direction can be determined. As the method of 
determining the position of the marking, utilization 
may be made of any other known method than a method of 
specifying the pixel at the centroidal position of the 
CCD output. When the positions of the markings of the 
respective colors Y, M, C and K are individually 
detected and there is a relative difference among them, 
it is regarded as the registration deviation occurring, 
and the amount of the relative difference is detected 
as the amount of registration deviation by a correction 
circuit 201. 

If the amount of registration deviation exceeds a 
predetermined amount (which is usually said to be 0.1 
mm in the case of an A4 format printer), it is 
considered to be a problem as a degradation in the 
quality of a color image. A correcting method therefor 
will be described below. 

When the amount of registration deviation detected 
by the registration detecting means 91 is defined as Al 
and the amount of registration deviation detected by 
the registration detecting means 92 is defined as A2 
and constants are K and K T , the amount AA of correction 
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of the deviation of writing beginning timing is 
obtained by effecting the correction control of 
delaying the writing beginning timing by an amount 
corresponding to 
5 AA = K x (Al + A2)/2, 

and the amount AA ? of correction of the deviation of 
the scanning magnification is obtained by effecting the 
correction control of correcting the scanning 
magnification by an amount corresponding to 

10 AA T = K 1 x (Al - A2)/2. 

The details of the method of correcting the 
scanning magnification are similar to those in the 
first embodiment. That is, the scanning magnification 
can be corrected by adopting one of the following steps 

15 or mixing the following steps together: (a) changing 

the focal length by a zoom F (H) lens; (b) changing the 
rotational speed of the polygon mirror; (c) changing 
the driving frequency of LD; and (d) changing the 
magnification of the image by image processing. 

20 Also, the constants K and K f are usually "1", but 

there is a case where they do not always become "1" due 
to such factors as the elongation of image transferring 
paper and the individual difference of the apparatus, 
and they can be set timely. 

25 The constants K and K 1 will hereinafter be 

described in detail. 

K and K T usually are 1. At this time, AA is the 
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simple average of Al and A2 and therefore is indicative 
of the amount of deviation of the irradiated position 
of the central one of the image heights being monitored 
by the two registration detecting means. Also, AA f 
becomes a half of the difference between Al and A2, and 
is indicative of a half of the change in the interval 
between the image heights being monitored by the two 
registration detecting means 91 and 92, i.e., a half of 
the change in the scanning magnification (scanning 
width) . 

On the other hand, K and K 1 need not always be 1 
if AA f is within the allowable range of the deviation 
of registration. The allowable range of the deviation 
of registration is varied by the designed apparatus or 
the outputted image and therefore cannot be defined 
unconditionally. On the other hand, among the colors 
Y, M, C and K, some are apt to be conspicuous in the 
deviation of registration and some are hard to be 
conspicuous in the deviation of registration. The 
allowable range is wide for the colors hard to be 
conspicuous in the deviation of registration and 
therefore, it is not always necessary to precisely 
correct the calculated amount of registration 
deviation, but yet for the colors apt to be conspicuous 
in the registration deviation, it is desirable to 
approximate K and K 1 to 1. 

Also, as another case, it is desirable to timely 
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set K and K ? to other constants than 1 correspondingly 
to the expansion and contraction or conveyance of image 
transferring paper. Images of the respective colors Y, 
M, C and K are successively transferred to the image 
5 transferring paper , but the transferring paper itself 
is expanded or contracted by the fluctuation of the 
pressure and temperature it receives in the meantime. 
As the result, the transferred image is expanded or 
contracted by an amount corresponding to some 

10 magnification (the magnification deviates). Also, the 
transferring paper causes so-called zigzag conveyance 
in which it deviates in a direction perpendicular to 
the direction of movement thereof when the images of 
the respective colors Y, M, C and K are successively 

15 transferred to the transferring paper. At this time, 
it becomes necessary to stagger the writing beginning 
timing to thereby provide the registration deviation of 
the colors Y, M, C and K. 

The deviation of the writing beginning timing of 

20 AA occurs when the accuracy of the alignment of the 

centers of the scanning directions of the four scanning 
optical apparatuses is bad during the assembly of the 
color image forming apparatus or the positions of the 
centers of the scanning directions of the scanning 

25 optical apparatuses deviate from one another for some 
reason or other during the use of the color image 
forming apparatus. 
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The amount: registration deviation corresponding to 
each color can be reduced even if with a reference 
color (e.g. black) as the reference, the other colors 
are relatively put together or absolute amounts of 
deviation are put together for each color. 

As described above, in the present embodiment, the 
optical elements for synchronous detection of the 
scanning optical apparatuses used in the tandem type 
color image forming apparatus are disposed so that the 
lens surfaces thereof may be opposed substantially 
right to the synchronous detection beam, whereby even 
when an inexpensive plastic molded lens in which the 
correction of chromatic aberration of magnification is 
not effected is used as the scanning optical element, 
it is possible to reduce the color deviation of a color 
image attributable to the magnification deviation by 
wavelength deviation or a change in the environment. 
Also, a multilaser having a plurality of light emitting 
points may be used as the light source in the present 
embodiment to thereby provide a multibeam scanning 
optical apparatus, and it is possible to realize a 
color image forming apparatus which can highly minutely 
cope with a higher speed. 

Description will now be made of an image forming 
apparatus applied to the present invention. 

Fig. 9 is a cross-sectional view of the essential 
portions of an embodiment of the image forming 
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apparatus of the present invention in the sub-scanning 
direction. In Fig. 9, the reference numeral 104 
designates the image forming apparatus. Code data Dc 
is inputted from an outside apparatus 117 such as a 
5 personal computer to this image forming apparatus 104. 
This code data Dc is converted into image data (dot 
data) Di by a printer controller 111 in the apparatus. 
This image data Di is inputted to an optical scanning 
unit 100 having the construction shown in Embodiments 1 

10 to 3. A light beam 103 modulated in conformity with 

the image data Di is emitted from the optical scanning 
unit 100, and the photosensitive surface of a 
photosensitive drum 101 is scanned in the main scanning 
direction by this light beam 103. 

15 The photosensitive drum 101 which is an 

electrostatic latent image bearing member (a 
photosensitive member) is clockwisely rotated by a 
motor 115. With this rotation, the photosensitive 
surface of the photosensitive drum 101 moves in the 

20 sub- scanning direction orthogonal to the main scanning 
direction, relative to the light beam 103. Above the 
photosensitive drum 101, a charging roller 102 for 
uniformly charging the surface of the photosensitive 
drum 101 is provided so as to contact with the surface 

25 of the photosensitive drum. The light beam 103 scanned 
by the optical scanning unit 100 may be applied to the 
surface of the photosensitive drum 101 charged by the 
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charging roller 102. 

As previously described, the light beam 103 is 
modulated on the basis of the image data Di, and by 
this light beam 103 being applied to the surface of the 
5 photosensitive drum 101, an electrostatic latent image 
is formed thereon. This electrostatic latent image is 
developed as a toner image by a developing device 107 
disposed so as to abut against the photosensitive drum 
101 downstream of the applied position of the light 

10 beam 103 with respect to the rotational direction of 
the photosensitive drum 101. 

The toner image developed by the developing device 
107 is transferred onto paper 112 which is a 
transferring material by a transferring roller 108 

15 disposed below the photosensitive drum 101 so as to be 
opposed to the photosensitive drum 101. The paper 112 
is contained in a paper cassette 109 forward (on the 
right side as viewed in Fig. 9) of the photosensitive 
drum 101, and can also be manually fed. A paper 

20 feeding roller 110 is disposed on one end portion of 

the paper cassette 109, and feeds the paper 112 in the 
paper cassette 109 to a conveying path. 

The paper 112 to which the unfixed toner image has 
been transferred in the manner described above is 

25 further conveyed to a fixing device rearward (on the 
left side as viewed in Fig. 9) of the photosensitive 
drum 101. The fixing device is comprised of a fixing 
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roller 113 having a fixing heater (not shown) therein, 
and a pressing roller 114 disposed so as to pressure- 
contact with the fixing roller 113, and heats the paper 
112 conveyed from the transferring portion while 
5 pressing the paper 112 by the pressure contact portion 
between the fixing roller 113 and the pressing roller 
114, thereby fixing the unfixed toner image on the 
paper 112. A pair of paper discharging rollers 116 are 
further disposed rearwardly of the fixing roller 113 

10 and discharge the paper 112 on which the toner image 
has been fixed out of the image forming apparatus. 

Although not shown in Fig. 9, a printer controller 
111 effects not only the conversion of the 
af oredescribed data, but also the control of various 

15 portions in the image forming apparatus including a 
motor 115 and a polygon motor, etc. in the optical 
scanning unit which will be described later. 

As described above, according to the present 
invention, even when an inexpensive plastic molded lens 

20 in which the correction of chromatic aberration of 

magnification is not effected is used as the scanning 
optical element, it is possible to reduce the deviation 
of the scanning magnification of the scanning optical 
system by the deviation of magnification attributable 

25 to the wavelength deviation between the light sources 
and the fluctuation of the environment, or the 
registration deviation of the scanning optical system 
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in the tandem type color image forming apparatus, and 
realize a scanning optical apparatus which is low in 
cost and easy to construct and is small in jitter and 
color deviation, and a color image forming apparatus 
using the same. 
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WHAT IS CLAIMED IS: 

1. A scanning optical apparatus comprising: 

a light source cable of being modulated; 

a deflecting element for deflecting and scanning a 
5 beam emitted from said light source; 

a scanning optical element for imaging said 
deflected beam into a spot shape on a scanned surface; 
and 

an optical element for synchronous detection for 
10 directing the deflected beam from said deflecting 

element to a sensor to take the timing of image writing 
beginning; 

characterized by the provision of: 
scanning position detecting means for making the 
15 optical axis of said optical element for synchronous 
detection and the principal ray of the beam from the 
deflecting element for taking the timing of image 
writing beginning coincident with each other, and 
detecting the position of the beam at a point having at 
20 least one image height separate from the optical axis 
of said scanning optical element. 



2. A scanning optical apparatus according to 
Claim 1, characterized in that said optical element for 
25 synchronous detection is an anamorphic lens. 



3. A scanning optical apparatus according to 
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Claim 1, characterized in that said optical element for 
synchronous detection is made of a plastic material. 

4. A scanning optical apparatus according to 
Claim 1, characterized in that said scanning optical 
element is made of a plastic material. 

5. A scanning optical apparatus according to 
Claim 1, characterized in that said optical element for 
synchronous detection and said scanning optical element 
are integrally molded by plastic injection molding. 

6 . A scanning optical apparatus according to 
Claim 1, further comprising a second optical element 
for converting a light beam into a linear image 
elongated in a main scanning direction, characterized 
in that said optical element for synchronous detection 
and said second optical element are integrally molded 
by plastic injection molding. 

7. A scanning optical apparatus according to 
Claim 1, characterized in that said scanning optical 
element is comprised of a refracting optical element 
and a diffracting optical element. 

8 . A scanning optical apparatus according to 
Claim 1, characterized in that said scanning optical 
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element effects the correction control of correcting a 
scanning magnification in conformity with the output of 
the scanning position detecting means. 

9 . A color image forming apparatus for scanning a 
beam from at least one scanning optical apparatus on a 
plurality of image bearing members to thereby form a 
color image, said scanning optical apparatus 
comprising : 

a light source; 

a deflecting element for deflecting and scanning a 
beam emitted from said light source; 

a scanning optical element for imaging said 
deflected beam into a spot shape on the scanned 
surfaces of said image bearing members; and 

an optical element for synchronous detection for 
directing the deflected beam from said deflecting 
element to a sensor to take the timing of image writing 
beginning; 

characterized in that registration detecting means 
for making the optical axis of said optical element for 
synchronous detection and the principal ray of the beam 
from said deflecting element coincident with each 
other, and detecting the positional deviation of a 
marking of a predetermined shape formed on each of said 
image bearing members by each scanning optical 
apparatus is provided at a position corresponding to an 
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image height separate from the optical axis of said 
scanning optical element. 

10. A color image forming apparatus according to 
Claim 9, characterized in that said registration 
detecting means is disposed so as to be capable of 
detecting a plurality of image heights substantially 
symmetrical with respect to the optical axis of said 
scanning optical element. 

11. A color image forming apparatus according to 
Claim 9, characterized by the provision of correcting 
means for reducing absolute registration deviation in 
each scanning optical apparatus or registration 
deviation relative to the scanning optical apparatus 
providing the reference, in conformity with the output 
of said registration detecting means. 

12. A color image forming apparatus according to 
Claim 9, characterized in that said registration 
detecting means is disposed so as to be capable of 
detecting two image heights substantially symmetrical 
with respect to the optical axis of said scanning 
optical element, and effects the correction control of 
correcting the timing of image writing beginning by an 
amount corresponding to 

AA = K x (Al + A2)/2, 
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where Al is the amount of registration deviation at a 
first image height, A2 is the amount of registration 
deviation at a second image height, and K is a 
constant . 

13. A color image forming apparatus according to 
Claim 9, characterized in that said registration 
detecting means is disposed so as to be capable of 
detecting two image heights substantially symmetrical 
with respect to the optical axis of said scanning 
optical element, and effects the correction control of 
correcting the scanning magnification by an amount 
corresponding to 

AA f - K T x (Al - A2)/2, 
where Al is the amount of registration deviation at a 
first image height, A2 is the amount of registration 
deviation at a second image height, and K 1 is a 
constant. 

14. An image forming apparatus for scanning a 
beam from at least one scanning optical apparatus on a 
plurality of image bearing members to thereby form an 
image, said scanning optical apparatus comprising: 

a light source; 

a deflecting element for deflecting and scanning a 
beam emitted from said light source; 

a scanning optical element for imaging said 
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deflected beam into a spot shape on the scanned 
surfaces of said image bearing members; and 

an optical element for synchronous detection for 
directing the deflected beam from said deflecting 
element to a sensor to take the timing of image writing 
beginning; 

characterized in that registration detecting means 
for making the optical axis of said optical element for 
synchronous detection and the principal ray of the beam 
from said deflecting element for taking the timing of 
image writing beginning coincident with each other, and 
detecting the positional deviation of a marking of a 
predetermined shape formed on each of said image 
bearing members by each scanning optical apparatus is 
provided at a position corresponding to an image height 
separate from the optical axis of said scanning optical 
element. 

15, An image forming apparatus comprising a 
scanning optical apparatus according to Claim 1, and a 
printer controller for converting code data inputted 
from an external apparatus into an image signal and 
inputting it to said scanning optical apparatus. 

16. A color image forming apparatus comprising a 
scanning optical apparatus according to Claim 9, and a 
printer controller for converting code data inputted 
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from an external apparatus into an image signal and 
inputting it to said scanning optical apparatus. 

17. An image forming apparatus comprising the 
scanning optical apparatus recited in Claim 14, and a 
printer controller for converting code data inputted 
from an external apparatus into an image signal and 
inputting it to said scanning optical apparatus. 
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ABSTRACT OF THE DISCLOSURE 

A scanning optical apparatus includes a light 
source capable of being modulated, a deflecting element 
for deflecting and scanning a beam emitted from the 
light source, a scanning optical element for imaging 
the deflected beam into a spot shape on a scanned 
surface, and an optical element for synchronous 
detection for directing the deflected beam from the 
deflecting element to a sensor to take the timing of 
image writing beginning. The scanning optical 
apparatus further inclueds a scanning position 
detecting device for making the optical axis of the 
optical element for synchronous detection and the 
principal ray of the beam from the deflecting element 
for taking the timing of image writing beginning 
coincident with each other, and detecting the position 
of the beam at a point having at least one image height 
separate from the optical axis of the scanning optical 
element . 
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